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Objective: To identify risk factors for radiographic signs of post-traumatic osteoarthritis (OA) 2e3 years
after anterior cruciate ligament (ACL) reconstruction through multivariable analysis of minimum joint
space width (mJSW) differences in a specially designed nested cohort.
Methods: A nested cohort within the Multicenter Orthopaedic Outcomes Network (MOON) cohort
included 262 patients (148 females, average age 20) injured in sport who underwent ACL reconstruction
in a previously uninjured knee, were 35 or younger, and did not have ACL revision or contralateral knee
surgery. mJSW on semi-ﬂexed radiographs was measured in the medial compartment using a validated
computerized method. A multivariable generalized linear model was constructed to assess mJSW dif-
ference between the ACL reconstructed and contralateral control knees while adjusting for potential
confounding factors.
Results: Unexpectedly, we found the mean mJSW was 0.35 mm wider in ACL reconstructed than in
control knees (5.06 mm (95% CI 4.96e5.15 mm) vs 4.71 mm (95% CI 4.62e4.80 mm), P < 0.001). However,
ACL reconstructed knees with meniscectomy had narrower mJSW compared to contralateral normal
knees by 0.64 mm (95% C.I. 0.38e0.90 mm) (P < 0.001). Age (P < 0.001) and meniscus repair (P ¼ 0.001)
were also signiﬁcantly associated with mJSW difference.
Conclusion: Semi-ﬂexed radiographs can detect differences in mJSW between ACL reconstructed and
contralateral normal knees 2e3 years following ACL reconstruction, and the unexpected wider mJSW in
ACL reconstructed knees may represent the earliest manifestation of post-traumatic osteoarthritis and
warrants further study.
© 2015 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.M.H. Jones, Cleveland Clinic,
5, USA. Tel.: 1-216-518-3469.
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lf of Osteoarthritis Research SocietAnterior cruciate ligament (ACL) reconstruction can effectively
restore functional anteroposterior knee stability with a high rate of
return to athletic activity, but individuals still have a risk of
developing post-traumatic osteoarthritis (OA). Up to 50 percent of
patients with an ACL tear with or without ACL reconstruction will
develop radiographic signs of OA 10e20 years after injury1,2. A
systematic review of radiographic OA in 596 subjects a minimum of
10 years after operative or non-operative treatment of ACL injury
concluded that OAwas present in both operative and non-operativey International.
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3069 subjects and a minimum of 10 years follow-up after ACL
reconstruction reported that rates of radiographic OA ranged from
0 to 13 percent in subjects with isolated ACL injury, and 21e48
percent in subjects with concomitant meniscus injury1. The authors
noted poor methodology scores in many of the papers with no
standardization of treatment, rehabilitation or radiographs. They
concluded that future studies should be prospective with clear in-
clusion/exclusion criteria, use a validated measurement system,
report the rehabilitation protocol, and use regression to account for
risk factors for development of OA1.
A nested cohort was designed within the larger Multicenter
Orthopaedic Outcomes Network (MOON) prospective longitudinal
ACL reconstruction cohort to evaluate the initiation, progression,
and risk factors for post-traumatic OA4. The unique features of this
nested cohort include the younger age of patients (35 years old at
follow-up), no prior surgical treatment to either knee prior to
enrollment, injured in sport, and no known ACL graft rupture or
contralateral knee surgery during follow-up. The demographics,
injury mechanism, meniscus and articular cartilage status, and
surgical technique were all documented at enrollment, and the ACL
rehabilitation guidelines were standardized5e8. The onsite follow-
up included standardized posteroanterior metatarsophalangeal
(MTP) radiographic views of both knees9. Semi-ﬂexed MTP views
have been validated and used to measure joint space width in
multiple studies of ACL reconstruction and osteoarthritis incidence
and progression9e13.
The aim of the study was twofold: ﬁrst, to determine whether
MTP radiographs can detect joint space width differences between
ACL reconstructed and contralateral control knees at an early time
point after ACL reconstruction (2e3.3 years); and second, to iden-
tify risk factors for early radiographic signs of post-traumatic OA
through multivariable analysis of joint space width differences. We
hypothesized that the joint space width would be less in the ACL
reconstructed knee than in the control knee, and that greater joint
space width differences would be present in subjects who under-
went arthroscopic partial meniscectomy than in those who had
meniscus repair or no meniscal treatment.
Materials and methods
Subjects
Subjects were recruited from the MOON prospective cohort of
subjects who underwent ACL reconstruction in the years
2005e2010. The study procedures followed were approved by the
Institutional Review Boards of the coordinating center and each
participating center, and each subject gave informed consent to
participate in the research. These subjects completed a survey at
the time of surgery containing questions addressing demographic
information as well as validated outcome instruments including
the Marx Activity Rating Scale14. At the same time, the surgeons
also completed a standardized data collection form regarding the
ﬁndings at surgery and details of treatment. Subjects were eligible
for inclusion into the nested cohort imaging study if they were
enrolled by one of four participating senior surgeons (JTA, CCK, RDP,
or KPS) were 35 years or younger at the time of follow-up, had been
injured while participating in a sport, had primary ACL recon-
struction without concomitant MCL, LCL or PCL surgery, were at
least 2 years and not more than 3 years 3 months post-surgery
without revision ACL reconstruction during the follow-up period,
and had never had surgery on the contralateral knee. Cases were
excluded after participation if image quality problems on either
knee were discovered upon analysis, including over-exposed im-
ages, under-exposed images, or markers that were not visible.Subjects were categorized by graft status (patellar tendon auto-
graft, hamstrings tendon autograft, or allograft). One person with a
hybrid allograft-autograft was categorized as allograft. Subjects
were also categorized based on medial meniscus treatment
including no tear, untreated tear, partial meniscectomy, or repair.
Three people who had small excisions and large medial meniscal
repairs were put into the meniscal repair category. Meniscal abra-
sion and trephination were collapsed into ‘no treatment for tear’.
Subjects were also categorized by articular cartilage status on the
medial femoral condyle (normal/grade 1; grades 2/3/4). Radio-
graphic measurements were obtained in 262 patients. (Fig. 1).
Radiographic technique
Subjects were positioned with their feet in 15 external rotation
with the ﬁrst metatarsophalangeal joint positioned directly un-
derneath the front of the detector9. Their knees were bent until the
patella touched the detector. Each knee was imaged individually
with the beam focused at the center of the knee and a focal-ﬁlm
distance of 1.02 m (40 inches). Examination technique (settings
on the X-ray machine) was varied to achieve optimal image quality.
A free-standing standard containing balls of 5 mm diameter and
1 cm apart (Radiation Product Design, Inc, Albertville, MN) was
placed next to the knee, vertical to the ground, at the ﬁbular head to
allow calibration for differences in magniﬁcation. Images were
taken on a variety of instruments including: Siemens Polyphos
(Siemens, Tarrytown, NY) and Shimadzu RADspeed machines
(Shimadzu, Nakagyo-ku, Kyoto, Japan) using AGFA CR cassettes
(Agfa HealthCare, Greenville, SC) as well as GE Deﬁnium (GE
Healthcare, Little Chalfont, Buckinghamshire, United Kingdom) and
Hologic DR (Hologic, Bedford, MA) digital machines. Each X-ray
technologist was trained in subject positioning by the coordinating
site study coordinator prior to beginning the study. Positioning
consistency was maintained using identical positioning equipment
across sites, including pads to insure proper foot rotation and cal-
ipers to position a rod directly beneath the detector front to guide
positioning at the toes.
Image processing and radiographic joint space width measurement
Images were sent to the coordinating center in standard DICOM
(Digital Imaging and Communications in Medicine) format, and
multiple steps were employed to de-identify images and prepare
them for analysis. XnView open-source image processing software
(XnSoft, La Neuvilette, Reims, France) was used to convert images
to TIFF format to erase all metadata and de-identify the images
prior to analysis. Images were converted back to DICOM format
using Adobe Photoshop CS6 (Adobe Systems Incorporated, San Jose,
CA). OsiriX open source DICOM viewer software (www.osirix-
viewer.com) was used to convert compressed DICOM images to
uncompressed DICOM images for analysis.
Radiographic joint space width was measured using a previ-
ously described semi-automated computerized method that de-
lineates the femoral and tibial margins of the joint and determines
measurements of the medial compartment minimum joint space
width (mJSW) as well as the joint space width at a ﬁxed location
25% of the distance from the medial edge to the lateral edge of the
tibia (JSW0.25). The location-speciﬁc JSW0.25 showed the most
responsiveness in detecting longitudinal change in the Osteoar-
thritis Iniative (OAI) cohort11. Two individuals were removed from
analysis only at the ﬁxed location due to not having a valid measure
at this point. Use of this measurement technique allows radio-
graphic joint space width to be measured with a responsiveness for
determining OA progression that is similar to MRI11,15,16. Images
were evaluated with the reader viewing the left and right knee
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550   Eligible  
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262   Analyzed 
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7
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Fig. 1. Flow diagram showing the selection of study population, including all eligible
and enrolled patients.
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characteristics and chondral and meniscal status.
Statistical analysis
The outcome variable we assessed for this study was the joint
space difference (JSD), which is the difference between themJSW in
the medial compartment of the ACL reconstructed knee comparedto the mJSW in the medial compartment of the contralateral knee.
A positive JSD indicates that the ACL reconstructed knee has a
narrower joint space than the contralateral knee, while a negative
JSD indicates that the ACL reconstructed knee has a wider joint
space than the contralateral knee. A paired t-test was used to test
signiﬁcance for the difference in mJSW between ACL reconstructed
and contralateral knees. Multivariable generalized linear models
were constructed to assess multiple simultaneous variables
including age, body mass index (BMI), baseline Marx activity level,
graft source, medial meniscus treatment, and medial femoral
articular cartilage status. We chose these variables because they
demonstrated a strong association with patient reported outcomes
at 6 and 10 years post-surgery in the MOON cohort fromwhich our
nested cohort was drawn17. Model assumptions of normality and
heteroscedasticity were evaluated by examining QeQ plots, esti-
mating the optimal power parameter of a BoxeCox transformation,
and performing Levene's test. For categorical variables with sta-
tistically signiﬁcant coefﬁcients for multiple categories, the model
was run an additional time after changing the reference category
for that variable to determine whether there was a statistically
signiﬁcant difference between those categories with different co-
efﬁcients. A P-value of 0.05 was considered statistically signiﬁcant;
the HolmeBonferroni method was used when comparing the
different treatments to account for multiple comparisons since the
model was run an additional time. A model was then constructed
using the same methodology with JSW0.25 as the outcome variable.
Results
Subjects
At 2 year follow-up, 590 subjects were eligible for inclusion in
the nested cohort and 327 patients were evaluated on-site with
semi-ﬂexed MTP radiographs and patient-reported outcome
questionnaires. Inclusions, exclusions and dropouts are presented
in the patient ﬂow diagram (Fig. 1). Measurements of bilateral
mJSW were obtained in 262 of the 270 patients.
Descriptive data
The average age of the included subjects was 20 years at the
time of surgery (range 12e33 years). There were 114 males and 148
females. Descriptive data including meniscus treatment and artic-
ular cartilage status are presented in Table I.
Joint space width
The mean medial compartment mJSW was 5.06 mm (95% CI
4.96e5.15 mm) for ACL reconstructed knees and 4.71 mm (95% CI
4.62e4.80 mm) for contralateral control knees, representing a
medial JSD of 0.35 mm (95% C.I. 0.27 e 0.43 mm), (P < 0.001)
(negative JSD indicates that ACL reconstructed knee has wider
medial compartment mJSW than contralateral knee). 194 subjects
(74%) had a negative JSD.
A multivariable generalized linear model to predict JSD was
constructedwhich adjusted for age, gender, BMI, and baselineMarx
activity level. Variables associated with larger JSD that were sta-
tistically signiﬁcant included increased age (P < 0.001), meniscus
repair (P ¼ 0.001), and meniscectomy (P < 0.001). In terms of
meniscus treatment, the coefﬁcient for meniscectomy was largest,
indicating the greatest JSD (See Table II). When the model was
adjusted to make meniscectomy the reference group, the meniscus
repair variable remained signiﬁcant (P < 0.02), indicating that
subjects with meniscectomy had signiﬁcantly larger JSD than sub-
jects with meniscus repair (See Table III). Graft type (P ¼ 0.17
Table I
Baseline characteristics of the nested cohort. Categorical variables are expressed as
percentages with n in parentheses. Continuous variables are shown as lower quar-
tile/median/upper quartile
Female
(N ¼ 148)
Male
(N ¼ 114)
Combined
(N ¼ 262)
Knee
Left 47% (69) 54% (62) 50% (131)
Right 53% (79) 46% (52) 50% (131)
Age (years) 16.0/17.5/21.1 17.6/19.7/25.7 16.6/18.2/22.9
BMI (kg/m2) 20.3/22.0/24.1 22.4/25.0/27.2 21.0/23.1/25.3
Marx activity at baseline
(0e16)
12/16/16 11/15/16 12/16/16
Smoking Status
Non smoker 95% (140) 88% (100) 92% (240)
Quit 3% (5) 10% (11) 6% (16)
Smoker 1% (2) 3% (3) 2% (5)
Unreported 1% (1) 0% (0) 0% (1)
Years of education completed 10.0/11.0/14.0 11.0/13.0/15.8 10.0/12.0/15.0
Graft
Bone-Tendon-Bone autograft 61% (90) 62% (71) 61% (161)
Hamstring autograft 34% (51) 36% (41) 35% (92)
Allograft 5% (7) 2% (2) 3% (9)
Medial Meniscus treatment
No tear 65% (96) 55% (63) 61% (159)
No treatment for tear 11% (16) 11% (12) 11% (28)
Repair 18% (26) 23% (26) 20% (52)
Excision 7% (10) 11% (13) 9% (23)
Medial Femoral Condyle
chondral defect
Normal/grade I 91% (135) 92% (105) 92% (240)
Grade II/III/IV 9% (13) 8% (9) 8% (22)
Table II
Regression coefﬁcients for minimum joint space difference (mJSD) model. Positive
values indicate the ACL reconstructed knee has narrower joint space than the
contralateral control knee
Predictor Coefﬁcient (95% CI) P value
Intercept 1.17 (1.82, 0.51) <0.001
Age (years) 0.042 (0.025, 0.058) <0.001
Meniscus treatment <0.001
Untreated meniscus tear 0.019 (0.21, 0.25) 0.87
Meniscus repair 0.31 (0.12, 0.49) 0.001
Meniscectomy 0.64 (0.38, 0.90) <0.001
Chondral lesion grade II,III,IV 0.0024 (0.26, 0.26) 0.99
Graft type 0.15
Hamstring graft 0.11 (0.045, 0.26) 0.17
Allograft 0.23 (0.62, 0.16) 0.25
Female sex 0.08 (0.23, 0.073) 0.31
Baseline Marx activity (0e16) 0.0032 (0.021, 0.014) 0.72
BMI (kg/m2) 0.0035 (0.025, 0.018) 0.75
Table III
Pairwise comparisons by meniscal status, including HolmeBonferroni adjusted P-
values
Pairwise comparison Coefﬁcient (95% CI) P value Adjusted
P value
Repair vs meniscectomy 1.17 (0.63, 0.05) 0.023 0.046
Untreated tear vs
meniscectomy
0.62 (0.95, 0.30) <0.001 0.013
Normal meniscus vs
meniscectomy
0.64 (0.90, 0.38) <0.001 0.008
Untreated tear vs
normal meniscus
0.019 (0.21, 0.25) 0.87 0.87
Meniscus repair vs
normal meniscus
0.31 (0.12, 0.49) 0.001 0.017
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femoral condyle (P¼ 0.99), sex (P¼ 0.31), BMI (P¼ 0.75), and Marx
activity (P ¼ 0.72) were not signiﬁcant contributors. (Fig. 2).
The same model was then constructed using JSW0.25. In this
analysis, age (P < 0.001) and meniscectomy (P ¼ 0.01) remained
signiﬁcant contributors to JSD, but meniscus repair (P ¼ 0.42) was
no longer signiﬁcant. (Table IV).
To demonstrate the relative differences in joint space width for
two representative subjects, Fig. 3(A) shows a pair of knees with the
ACL reconstruction side having a mJSW 1.97 mm wider than the
contralateral side. Figure 3(B) shows a pair of knees with the ACL
reconstruction side having a mJSW 1.24 mm narrower than the
contralateral side.
Discussion
This study of 262 subjects 35 or younger at the time of follow-up
who had no prior injury to either knee and bilateral ﬁxed-ﬂexion
radiographs an average of 2.9 years after surgery demonstrated
that the mJSW was 0.35 mm wider in the ACL reconstructed knee
compared to the contralateral control knee, and that knees with
medial meniscectomy or repair had mJSW that was relatively nar-
rower compared to knees with untreated medial meniscus tears or
normal medial menisci. JSD increased with increasing age, but
there were no signiﬁcant differences based on articular cartilage
status, gender, BMI or activity level.
We selected this group of relatively young subjects to be able to
measure the effects of injury and treatment on the development of
early post-traumatic OA without concern for pre-existing osteoar-
thritis in either knee. This study represents the earliest prospective
cohort of ACL reconstruction patients to show detectable differ-
ences in quantitative measures of joint space changes on plain
radiographs.
Our study compared ACL reconstructed to contralateral control
knees using a cross-sectional design at a single follow-up. We were
surprised that themedial compartmentmJSWwas larger in the ACL
reconstructed knees than in the contralateral control knees. A case
control study by Tourville et al. of 39 ACL injured patients with
presurgical and mean 46 month follow-up radiographs demon-
strated a similar greater mJSW in the medial compartment of the
ACL reconstructed knee compared to the contralateral control knee
in three patients (7.7%) at follow-up13. Interestingly, three different
subjects also had greater mJSW on the ACL-injured side at presur-
gery baseline, indicating that this change may occur early. Based on
these ﬁndings, the authors recommended that cross-sectional
evaluation of bilateral knees may be superior to use of the
injured knee at baseline because of the changes that occur in the
early post-injury period13. In addition, the authors measured the
medial compartment mJSW in 32 control patients and found the
side-to-side difference was 0.01 mm (95% C.I. 0.81e0.83 mm).
Frobell noted an increase in cartilage volume of the central portion
of the medial femoral condyle in 61 subjects from the Knee ACL
nonoperative versus operative treatment (KANON) study who had
ACL injury followed by early reconstruction, delayed reconstruc-
tion, or physical therapy. This ﬁnding was more pronounced in
younger vs older subjects18. This age-related increase in cartilage
volume may help to explain why our younger subjects had greater
mJSW in their ACL reconstructed knees than our older patients.
Another study demonstrated increased medial compartment
cartilage volume in women 40 years of age or older with Kellgren
Lawrence grade 2 osteoarthritis compared to healthy controls19.
Multiple studies in dogs have shown a hypertrophic cartilage
response after ACL transection which is present for up to 2 years
and which differs from the changes seen in spontaneous, slowly
developing OA20e24. Therefore, it remains unclear whether this
Fig. 2. Triangles represent raw data points, age plotted against JSD in each meniscal treatment group. Data is not adjusted for other variables. Black line is the predicted effect of age
and meniscal treatment on JSD adjusted for sex, graft, BMI, and cartilage treatment. The surrounding gray lines represent the 95% conﬁdence interval for the predicted effect. A
dotted line is plotted at 0 on all graphs as a visual aid. One data point, from an 18 year old who had a meniscectomy and a JSD of 2.8 mm, is not presented.
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traumatic OA, or an adaptive change in the cartilage biology that
may prevent the progression of post-traumatic OA.
While Frobell18 was able to detect changes on MRI as early as 12
and 24 months post-surgery, our study is the ﬁrst to demonstrate
that these changes can be detected with plain radiographs as early
as 2e3 years post-surgery. This is important to provide awindowof
opportunity to potentially intervene in the earliest stages of post-
traumatic OA. As we expected, subjects with partial medial
meniscectomy demonstrated the greatest JSD. A systematic review
of 31 studies with a minimum of 10 years follow-up reported that
rates of radiographic OA ranged from 0 to 13 percent in subjects
with isolated ACL injury, and 21e48 percent in subjects with
concomitant meniscus injury1. A subsequent study of 221 subjects
with radiographic follow-up at 10e15 years postoperatively re-
ported radiographic OA in 62 percent of subjects with isolated ACLTable IV
Regression coefﬁcients for ﬁxed location JSD0.25 model. Positive values indicate the
ACL reconstructed knee has narrower joint space than the contralateral control knee
Predictor Coefﬁcient (95% CI) P value
Intercept 1.14
(1.74, 0.55)
<0.001
Age (years) 0.031
(0.017, 0.046)
<0.001
Meniscus treatment 0.017
Untreated meniscus tear 0.17
(0.38, 0.041)
0.12
Meniscus repair 0.069
(0.098, 0.24)
0.42
Meniscectomy 0.30
(0.065, 0.53)
0.013
Chondral lesion grade II,III,IV 0.076
(0.31, 0.16)
0.53
Graft type 0.30
Hamstring graft 0.039
(0.10, 0.18)
0.58
Allograft 0.24
(0.60, 0.11)
0.18
Female sex 0.018
(0.12, 0.16)
0.80
Baseline Marx activity (0e16) 0.0099
(0.026,
0.0057)
0.22
BMI (kg/m2) 0.0051
(0.014,
0.025)
0.61injury and 80 percent of patients with a concomitant meniscus
tear25. Another systematic review of 16 studies with minimum 10
year radiographic follow-up that included a meta analysis of 1554
ACL reconstructions reported an OA incidence of 16 percent in
isolated ACL injury and 50 percent in knees with associated
meniscus tears2.
In a study of 19 ACL injured subjects treated without surgery at
mean follow-up of 34.3 months post-injury, there were no subjects
with decreased radiographic joint space width. However, in
contrast to our subjects, none of the subjects in this study had
associated meniscus or articular cartilage injury26.
We were also surprised to see that subjects with medial
meniscus repair had a narrower mJSW on the ACL reconstructed
knee compared to the contralateral knee when compared to un-
treated meniscus tears or normal menisci. This ﬁnding is supported
by two clinical outcome studies on ACL reconstruction. First,
Barenius et al., in data from the Swedish National ACL Registry,
found medial meniscus repair to be predictive of worse patient
reported outcomes (deﬁned as treatment failure) at 2 years post-
operatively27. Second, in a separate ACL reconstruction population
within the MOON cohort, medial meniscus repair predicted worse
patient reported outcomes at 6 years postoperatively17. Further-
more, a recent systematic reviewwhich assessed the healing rate of
meniscus repairs with and without ACL reconstruction at a mini-
mum of 5 years follow-up showed that the failure rate ranged from
20.2 to 24.3 percent, and there was no signiﬁcant difference be-
tween the repairs with or without concomitant ACL reconstruc-
tion28. It is likely that a number of the subjects in our study who
had medial meniscus repair experienced failed repair and subse-
quentmeniscal degeneration or further tearing and loss of function,
which contributes to a difference in JSD as compared to those with
normal menisci.
While a previous study showed that mJSW was a less sensitive
measure than location-speciﬁc joint space width for detecting the
radiographic progression of idiopathic OA, mJSW was the more
sensitive measure in our population11. This may be related to dif-
ferences in the pathogenesis of post-traumatic OA compared to
idiopathic OA, or may be due to differences in comparing contra-
lateral knees to one another on a cross sectional basis vs comparing
the same knees over time.
A limitation of our study is availability of radiographs at only a
single time point postoperatively. Given thewider joint space in the
ACL reconstructed knees compared to the contralateral knees in our
Fig. 3. Representative images. A shows images from a 13 year old female patient who had a normal medial meniscus and a medial compartment mJSW 1.97 mmwider on the ACL
reconstructed side compared to the contralateral control side. B shows images from a 27 year old male patient who had a partial medial meniscectomy and a medial compartment
mJSW 1.24 mm narrower on the ACL reconstructed side compared to the contralateral control side.
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other series, the availability of baseline MTP radiographs would
have been useful and would have provided the ability to measure
progression of mJSW differences. In addition, even though
meniscus repair and meniscectomy were associated with narrower
mJSW, many subjects with these treatments still had no signiﬁcant
difference in mJSW between the ACL reconstructed knee and the
contralateral normal knee. Follow-up visits with repeated MTP
radiographs will determine whether JSD increases in the meniscus
repair and meniscectomy subjects in the future.
In conclusion, our study shows a wider medial compartment
mJSW in ACL reconstructed knees compared to contralateral
control knees at 2e3 year follow-up, an unexpected ﬁnding that
warrants further study. In addition, our multivariable model
showed that as compared to reconstructed knees with normal
menisci, those that had meniscectomy or meniscus repair were
associated with relatively narrower JSW on the ACL reconstructed
knee compared to the control knee, but meniscectomy had the
larger effect. This indicates that while knees with repaired
meniscus tears do not show results as extreme as those with
meniscectomy, a repair does not restore the state of the knee to
that of one with a normal meniscus. This ﬁnding supports inves-
tigation into possible improvements, particularly if our data pre-
dicts long term osteoarthritis development. Finally, JSD difference
increased with increasing age. To our knowledge, this is the ﬁrst
study to detect differences in joint space width between ACL
reconstructed and contralateral control knees using plain radio-
graphs 2e3 years after surgery in a group of younger patients
without prior knee injury who were injured in sport. Our ﬁndings
support the notion that structural features of osteoarthritis can be
identiﬁed at early time points after surgery using plain
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